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(54) Isotropic silicon etch process that is highly selective to tungsten 



(57) A back end of the line dry etch method is dis- 
closed. Etching of a mask oxide and temporary (sacrifi- 
cial) silicon mandrel occurs following the formation of 
gate stacks and tungsten studs. The mask oxide is 
etched selectively to tungsten and silicon through the 
use of a polymerizing oxide etch. The silicon is etched 
selectively to both silicon nitride, silicon oxide, and tung- 
sten. The process removes the silicon mandrel and 



associated silicon residual stringers by removing back- 
side helium cooling, while using HBr as the single spe- 
eds etchant. and by adjusting the duration, the 
pressure, and the electrode gaps during the silicon etch 
process. The silicon may be undoped polysiiicon, doped 
polysilicon, or single crystal silicon. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention generally relates to the man- 
ufacture of semiconductor devices and, more particu- 
larly to an isotropic etch process for removing a hard- 
mask oxide and temporary (sacrificial) silicon mandrel 
used in forming tungsten studs in high density semicon- 
ductor devices, such as 64 megabyte Dynamic Random 
Access Memory (DRAM) chips. 

Description of the Related Art 

The use of borderless diffusion and borderless gate 
contact structures is an effective approach to increase 
the circuit integration density. For example, a fully bor- 
derless diffusion contact is permitted to overlap the gate 
conductor and the device isolation regions in a Dynamic 
Random Access Memory (DRAM) array. The resulting 
DRAM cell area can be reduced by approximately 40% 
compared with a fully-landed diffusion contact, as 
described, for example, by D. Kenney et al.. "A Buned- 
Plate Trench Cell for a 64-MB DRAM". 1992 Sympo- 
sium on VLSI Technology, Seattle. WA. Moreover, a 
borderless gate-conductor contact is also permitted to 
overlap the isolation regions. 

The conventional fabrication process requires a 
temporary (sacrificial) mandrel structure for the fabrica- 
tion of contact vias. The mandrel may. for example, be a 
polysilicon structure which is globally plananzed by 
chemical-mechanical polishing (CMP) to the level of the 
gate cap dielectric, plus a polysilicon extension layer 
which serves as an etch stop for the mask oxide. 

Over this layer is formed a hard-mask oxide layer. 
These polysilicon layers are anisotropic^ etched 
using the oxide hard mask and a fluorine-free etch 
chemistry to obtain a high selectivity (> 50:1) of the etch 
rate of polysilicon to the etch rate of the gate-cap dielec- 
tric thereby forming high-aspect vias in the mandrel. 
These high-aspect-ratio vias are then filled with chemi- 
cal vapor deposited (CVD) tungsten (W), and the tung- 
sten is polished backdown to the hard-mask oxide layer 
to form Contact to Diffusion (CD) and Contact to Gate 
(CG) studs. 

Once the CD and CG studs have been formed, it is 
necessary to remove the hard-mask oxide and the tem- 
porary polysilicon mandrel layer and replace it with an 
insulator. Past efforts have used fluorine processes, but 
at least two problems result. First although the fluorine 
processes are effective in removing polysilicon. they 
also etch tungsten quite readily. Second, the highly 
polymerizing fluorine chemistry tends to "clog" the reac- 
tive ion etch (RIE) chamber, requiring frequent cleaning 
intervals. 

In light of these fluorine etch process deficiencies, 
Cl 2 /HBr (Chlorine/Hydrogen Bromide) processes have 



been used to etch the polysilicon. These Cl 2 /HBr proc- 
esses, however, also have their own deficiencies. First, 
the Cfe/HBr processes are not isotropic, therefore they 
leave enough residual polysilicon on the sidewalls of the 
gate stacks to cause high stud to stud leakage. And 
second, the Cl 2 also reduces the tungsten stud height 
which may cause open circuits. 

Anisotropic processes using HBr as a single spe- 
cies etchant for etching silicon and polysilicon selective 
to a photoresist have also been utilized, however, these 
processes are not very selective to tungsten. Also, 
because they are also anisotropic, they do not remove 
the residual polysilicon stringers at the base of the tung- 
sten studs. 

A need exists therefore, for a method to isotropically 
etch the silicon remaining on the sidewall without 
removing too much of the tungsten stud or the dielectric 
gate cap. 

20 SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a process for removing the temporary hard- 
mask and silicon mandrel used in the fabrication of 
25 tungsten Contact to Diffusion (CD) and Contact to Gate 
(CG) studs in the manufacture of high density semicon- 
ductor devices, substantially obviating one or more of 
the problems resulting from the limitations and disad- 
vantages of the related art 
so It is also an object of the present invention to 
reduce tungsten stud loss, allowing for a decrease in 
mandrel extension thickness and reduced widening of 
contact to gate (CG) holes during CG etch. A reduction 
in the widening of the CG holes is desirable, as the wid- 
35 ening of the holes results in an increase of CD to CG 

shorts. . 

According to the invention, an isotropic silicon etcn 
process is provided comprising the steps of: (1) provid- 
ing a wafer with tungsten studs having a mask oxide 
40 and silicon in contact with the tungsten studs; (2) provid- 
ing backside helium cooling to the wafer; (3) plasma 
stripping the mask oxide with an about 3:1 ratio of 
CF4/CHF3 and Argon; (4) removing the backside helium 
cooling; and (5) plasma stripping the silicon with an 

45 etchant. ... 
In another aspect, the invention provides for a sili- 
con etch process comprising the steps of : (1) providing 
a wafer with tungsten studs having a mask oxide and sil- 
icon in contact with the tungsten studs; (2) providing 
so backside helium cooling at about 12 Torr to the wafer; 
(3) plasma stripping the mask oxide with an about 3:1 
ratio of CF4/CHF3 and Argon utilizing endpoint detec- 
tion; (4) overetching the mask oxide for a period 0 
about 28 percent of the endpoint detection time; (5) 
55 removing the backside helium cooling; and (6) plasma 
stripping the silicon with an etchant. 

The above removal process occurs following the 
formation of the gate stacks and tungsten studs and is 
required to etch silicon selectively to both the gate cap 
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dielectric and the tungsten. The gate cap dielectric may 
be silicon nitride or silicon dioxide. The silicon may be 
undoped polysilicon, doped poiysilicon, or single crystal 
silicon. The disclosed isotropic process uses hydrogen 
bromide (HBr) as a single species reactant to selec- 
tively etch the silicon with respect to the tungsten and 
the gate cap dielectric. 

Residual silicon stringers are removed by increas- 
ing the temperature of the substrate by terminating the 
normal helium (He) cooling of the backside of the 
wafers during the HBr etch. Isotropic etching with NF 3 
and SF 6 can also be used to eliminate the residual sili- 
con stringers, but tungsten stud height will be lost as a 
result of the fluorine chemistry. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, aspects and 
advantages will be better understood from the following 
detailed description of a preferred embodiment of the 
invention with reference to the drawings, in which: 

Figure 1 is a cross-sectional view of the gate stacks 
and tungsten contact to diffusion (CD) studs prior to 
mandrel etch; 

Figure 2 is a cross-sectional view of the gate stacks 
and CD studs as in Figure 1 after hard-mask oxide 
removal; 

Figure 3 is a cross-sectional view of the gate stacks 
and CD studs as in Figure 2 after mandrel poiysili- 
con etch; 

Figure 4 is a cross-sectional view of the gate stacks 
and CD studs as in Figure 3 after NF 3 /SF 6 clean-up 
etch; 

Figure 5 is a flow chart of the steps of the present 
invention; and 

Figure 6 is a cross-sectional view of the gate stacks 
and CD studs after the polysilicon is stripped with 
HBr chemistry and backside He cooling is turned 
off according to the present invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT OF THE INVENTION 

Referring now to the drawings, and more particu- 
larly to Figures 1 to 4, there is shown in Figure 1 a 
cross-sectional view of a semiconductor device desig- 
nated generally as reference numeral 10, and having 
gate stacks and Contact to Diffusion (CD) studs sur- 
rounded by a hard-mask oxide and temporary silicon 
mandrel, prior to a silicon etch process. 

While the silicon etch process of the present inven- 
tion will be described with respect to the removal of 
"polysilicon" layers 13 and 15, it can be appreciated that 
layers 13 and 15 may be formed of not only undoped 
polysilicon, but also doped polysilicon or single crystal 
silicon. The process parameters of the present inven- 
tion, discussed further below, would remain approxi- 
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mately the same regardless of the type of silicon utilized 
in layers 13 and 15. 

TTie structure of Figure 1 will now be described. 
The semiconductor device 10 comprises a substrate 14 

5 on which gate conductors 11 have been formed. The 
gate conductors 1 1 are covered by a gate-cap dielectric 
16 of silicon nitride or silicon dioxide, and over this struc- 
ture is formed a mandrel polysilicon layer 13 which is 
planarized by chemical-mechanical polishing (CMP) to 

to the level of the gate-cap dielectric. This mandrel polysil- 
icon layer is then extended as a polysilicon layer 15. A 
hard-mask oxide layer 18 is formed over the extended 
layer 15 to define openings to be formed in the polysili- 
con layers 13 and 15. 

75 The polysilicon layers are etched using the mask 
and fluorine-free etch chemistry to obtain high-aspect- 
ratio vias in the polysilicon mandrel. These vias are 
filled using CVD tungsten (W) deposition followed by 
tungsten CMP to form the CD studs 12. The hard-mask 

20 oxide layer 1 8 and temporary polysilicon fill, comprising 
mandrel layer 13 and extended layer 15, are necessary 
in order to etch the borderless contacts selectively to 
the gate oxide cap. After fulfilling this purpose, the hard- 
mask oxide and polysilicon fill have to be replaced by an 

25 insulator. 

The purpose of the subsequent mandrel strip proc- 
ess is to remove all of the mask oxide and polysilicon fill 
around the studs and between the gate stacks while 
minimizing the attack on the tungsten studs and the 

so gate cap dielectric. A reactive ion etch (RIE) is first used 
to strip the hard-mask oxide layer 18. See Figure 2. This 
results in mask oxide removal with minimal attack on the 
tungsten studs 12. A polymeric layer or film 17, mainly 
composed from carbon and fluorine, is formed during 

35 the mask oxide RIE. This polymer film helps to protect 
the tungsten from being etched, thus maintaining its 
stud height during the mask oxide RIE. Polymer deposi- 
tion during the mask oxide RIE is required because the 
free fluorine would otherwise attack the tungsten. 

40 Isotropic etchi ng is required for the mandrel polysil- 
icon strip process because the polymeric caps 17 on 
top of the studs 12 would otherwise mask the polysilicon 
if an anisotropic etch were used. 

Figure 3 illustrates a conventional method of strip- 

45 ping the mandrel polysilicon layers 13 and 15 with HBr 
chemistry. Unfortunately, when using this method, some 
mandrel polysilicon residual stringers 19 remain 
attached to the base of the CD studs 12 and gate insu- 
lators 16 following this etch step. These residual string- 
so ers 19 cause stud to stud leakage and must therefore 
be removed. 

In the past, the mandrel polysilicon stringers 19 
were removed using an isotropic NF3/SF5 RIE. During 
this clean up step, however, CD stud height was lost 
55 because of fluorine attack on the tungsten, as illustrated 
in Figure 4. This is an unacceptable result since the next 
layer of metal in the fabrication process needs to touch 
the stud, otherwise, if the studs are too low, an open cir- 
cuit will result 
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Figure 5 represents a flow chart of the process- of 
the present invention, which overcomes the aforemen- 
tioned problem of removing the residual polysilicon 
stringers 19, but with minimal reduction of the CD stud 
height. 

First a wafer, as for example the semiconductor 
device 10 in Figure 1, is prepared for etching and is pro- 
vided in step 20 (see Figure 5). in step 20, the hard- 
mask oxide 18 is etched using an oxide etch at approx- 
imately 240 mTorr pressure, 1 200 watts power, and hav- 
ing an electrode gap of 1.015 cm. The hard-mask oxide 
can be silicon oxide (SiOJ, which may be deposited in 
many ways, for example, by "cracking" of tetraethyl- 
orthosilicate (TEOS), sputtering from a SiO x target, or 
evaporation of SiO x . Other chemical vapor depositions 
with precursors other than TEOS, such as SiH 4 and 
N 2 0, may also be used to form the mask oxide. 

The mask oxide etch uses an approximate combi- 
nation of Ar at 200 seem (standard cubic centimeters 
per minute), CF 4 at 60 seem and CHF 3 at 20 seem. The 
helium (He) clamp pressure is kept at 12 Torr during this 
step. The oxide etch is stopped using conventional end- 
point detection, which measures the intensity of a 
desired wavelength with an optical spectrometer. 

In step 30, the wafer may then be overetched to 
ensure complete hard-mask oxide removal. This step 
exposes the wafer to the same conditions as in the pre- 
vious step 20, for a time of about 28% of that of the ini- 
tial mask oxide etch in step 20. 

The next three steps-steps 40, 50, and 60-demon- 
strate the polysilicon etch process according to the 
present invention. During all three steps, the helium 
clamp pressure is set to zero (0) Torr. By removing this 
backside cooling, the wafer temperatures for steps 40- 
60 reach on the order of 260°C. Also, during all three 
steps, the polysilicon is plasma stripped using HBr 
chemistry at about 300 seem while the power remains 
constant at about 575 watts. 

In step 40 the extended polysilicon layer 15 is 
etched. The wafer is exposed to a pressure of 650 
mTorr and the electrode gap is widened from 1.015 cm 
in the previous step to 1 .3 cm. The duration of this etch 
step is about 20 seconds. 

In the next polysilicon etch step 50, the pressure is 
lowered to 350 mTorr and the electrode gap is reduced 
to 0.8 cm. The duration of this etch step is about 20 sec- 
onds. This step is done to "break through" any interface 
between the mandrel polysilicon layer 13 and the 
extended polysilicon layer 15. 

In the final polysilicon etch step 60 the mandrel 
polysilicon layer 13 is etched. For this step the pressure 
is returned to 650 mTorr and the electrode gap is again 
widened to 1 .3 cm. This is the longest of the three poly- 
silicon etch steps, lasting about 125 seconds. Figure 6 
is a cross-sectional view of the resulting gate stacks and 
CD studs after completion of step 60. 

The process of the present invention is effective in 
removing the polysilicon stringers even where the 
above described process parameter target values (e.g., 



power, pressure, gas flow rate, time, and electrode gap 
spacing) vary by about +/- 20%. 

By not using Cl 2 and by removing the backside 
cooling in steps 40-60 (helium clamp pressure at zero 

5 (0) Torr), the selectivity of etching polysilicon to that of 
tungsten greatly increases from 6:1 to 15:1. Also, the 
polysilicon stringers are removed from the sidewails 
while maintaining the high selectivity of polysilicon to 
both the tungsten studs and the gate cap dielectric. 

10 The oxide etch steps (20 and 30) and silicon etch 
steps (40-60) may be performed in the same chamber 
or in separate chambers. That is, one can do the oxide 
etch, change the electrode gap, and then do the silicon 
etch steps in the same chamber, or use two separate 

15 chambers to perform the functions. 

There are advantages, however, in using separate 
chambers. First, it separates the fluorine (F) used in 
steps 20 and 30, from the HBr chemistry used in steps 
40-60. Also, the silicon etch process (i.e., getting silicon 

so to etch selectively to tungsten and the dielectric) 
achieves better results when separate chambers are 
used. 

While the invention has been described in terms of 
preferred embodiments, those skilled in the art will rec- 
25 ognize that the invention can be practiced with modifica- 
tion within the spirit and scope of the appended claims. 

Claims 

30 1. An isotropic silicon etch process comprising the 
steps of: 

providing a wafer with tungsten studs having a 
mask oxide and silicon in contact with the tung- 

35 sten studs: 

providing backside helium cooling to the wafer; 
plasma stripping the mask oxide with an about 
3:1 ratio of CF4/CHF3 and«Argon; 
removing the backside helium cooling; and 

40 plasma stripping the silicon with an etchant. 

2. A silicon etch process as in claim 1 , wherein the sil- 
icon is selected from the group consisting of 
undoped polysilicon, doped polysilicon, and single 

45 crystal silicon. 

3. A silicon etch process as in claim 1, wherein the 
step of plasma stripping the silicon uses HBr as an 
etchant. 

50 

4. A silicon etch process as in claim 3 which is highly 
selective to tungsten. 

5. A silicon etch process as in claim 4 which is highly 
55 selective to silicon dioxide or silicon nitride. 

6. A silicon etch process as in claim 1 wherein said 
mask oxide is silicon oxide (SiO x ). 
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8. 



9. 



A silicon etch process as in claim 6, further includ- 
ing a step of forming the mask oxide selected from 
the group consisting of cracking of tetraethylortho- 
silicate (TEOS), sputtering from a SiO x target, and 
evaporating SiO x . 

A silicon etch process as in claim 6, further includ- 
ing a step of forming the mask oxide by chemical 
vapor deposition of SiH 4 and N 2 0. 
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A silicon etch process as in claim 1, wherein the 
step of plasma stripping the mask oxide uses an 
approximate combination of Ar at 200 seem, CF 4 at 
60 seem and CHF 3 at 20 seem, at 240 mTorr pres- 
sure. 1200 watts power, and having an electrode 
gap of 1.015 cm. 

A silicon etch process as in claim 3, wherein the 
step of plasma stripping the silicon layers uses an 
approximate combination of HBr at 300 seem, at a 
pressure of 650 mTorr, a power of 575 watts, and an 
electrode gap of 1.3 cm for about 20 seconds, then 
at a pressure of 350 mTorr, a power of 575 watts, 
and an electrode gap of 0.8 cm, for about 20 sec- 
onds, and then at a pressure of 650 mTorr, a power 
of 575 watts, and an electrode gap of 1.3 cm for 
about 125 seconds. 
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16. A silicon etch process as in claim 1 1 wherein said 
mask oxide is silicon oxide (SiOx). 

17. A silicon etch process as in claim 16, further includ- 
ing a step of forming the mask oxide selected from 
the group consisting of cracking of tetraethylortho- 
silicate (TEOS), sputtering from a SiO x target, and 
evaporating SiO x . 

18. A silicon etch process as in claim 16, further includ- 
ing a step of forming the mask oxide by chemical 
vapor deposition of SiH 4 and N 2 0. 



19. 



20 
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11. An isotropic silicon etch 
steps of : 



process comprising the 



providing a wafer with tungsten studs having a 
mask oxide and silicon in contact with the tung- 
sten studs; 

providing backside helium cooling at about 12 
Torr to the wafer; 

plasma stripping the mask oxide with an about 
3:1 ratio of CF^CHFa and Argon utilizing end- 
point detection; 

overetching the mask oxide for a period of 
about 28 percent of the endpoint detection 
time; 

removing the backside helium cooling; and 
plasma stripping the silicon with an etchant. 

A silicon etch process as in claim 11, wherein the 
silicon is selected from the group consisting of 
undoped polysilicon, doped polysilicon, and single 
crystal silicon. 

50 

13. A silicon etch process as in claim 11, wherein the 
step of plasma stripping the silicon uses HBr as an 
etchant at 300 seem. 

1 4. A silicon etch process as in claim 1 3 which is highly ss 
selective to tungsten. 

1 5. A silicon etch process as in claim 14 which is highly 
selective to silicon dioxide or silicon nitride. 
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A silicon etch process as in claim 11, wherein the 
step of plasma stripping the mask oxide uses an 
approximate combination of Ar at 200 seem, CF 4 at 
60 seem and CHF 3 at 20 seem, at 240 mTorr pres- 
sure, 1200 watts power, and having an electrode 
gap of 1.015 cm. 



20. A silicon etch process as in claim 13, wherein the 
step of plasma stripping the silicon layers uses an 
approximate combination of a pressure of 650 
mTorr, a power of 575 watts, and an electrode gap 
of 1 .3 cm for about 20 seconds, then at a pressure 
of 350 mTorr, a power of 575 watts, and an elec- 
trode gap of 0.8 cm, for about 20 seconds, and then 
at a pressure of 650 mTorr. a power of 575 watts, 
and an electrode gap of 1.3 cm for about 125 sec- 
onds. 
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